| INTRODUCTION
It is well recognized that changes in serum lipid levels occur with acute stress. These have been reported with acute myocardial infarction (MI), 1 stroke, 2 acute infection, 3 and low-and intermediate-risk
surgery. 4 The major change is a decrease in low-density lipoprotein cholesterol (LDL-C) levels. This occurs even in patients with heterozygous familial hypercholesterolemia following surgery. 5 The factors that mediate these changes remain unclear. Suggested candidates include catecholamines, cytokines, and other molecules such as insulin and glucagon that regulate the levels of the low-density lipoprotein receptor (LDL-R). 6 It is not known whether proprotein convertase subtilisin kexin 9 (PCSK9) plays a role. Overexpression of PCSK9 in mice resulted in a dramatic reduction in LDL-R protein, but not mRNA, suggesting that PCSK9 accelerated degradation of the LDL-R, resulting in hypercholesterolemia. [9] [10] [11] Knockout of PCSK9 in mice resulted in an increase in LDL-R protein but not mRNA, leading to increased clearance of LDL and a decrease in serum cholesterol levels.
| MATERIALS AND METHODS

| Subjects
Forty patients scheduled for elective abdominal aortic aneurysm (AAA) repair surgery were recruited for participation in another study which sought to measure cortisol response to administered adrenocorticotropic hormone before and after surgery (ACTH; ClinicalTrials.
gov study ID NCT00493389, http://www.clinicaltrials.gov). The original study was approved by the Ottawa Health Science Network
Research Ethics Board (OHSN-REB). As part of the study, consent was provided by the participants for measurement of other blood parameters that might be associated with the stress response, including the ones reported here.
Blood was drawn a few days to a few weeks prior to surgery, before and after the administration of ACTH. For this ancillary study on PCSK9, only the pre-ACTH blood samples were analyzed. In the presurgery test, the patient had fasted for 12 hours prior to the sample being taken. In the postsurgery test, blood was drawn within 12 hours of surgery comple- Albumin, a well-recognized negative acute-phase reactant that decreases very soon after surgery, 26 was also measured, as a positive control of the effect of acute surgical stress.
To account for possible effects of hemodilution or hemoconcentration, all postoperative values were adjusted for hematocrit based on the formula 27 :
| Assays
To obtain plasma, blood was collected into EDTA Vacutainer tubes and centrifuged at 1000 g for 10 minutes at room temperature.
PCSK9 was measured using a human PCSK9 enzyme-linked immunosorbent assay (ELISA) from CyClex Co (Japan). All samples were assayed a minimum of 2 × with an intra-assay CV of 1.5%-2.6% and an interassay CV of 2.9%-7.1%. Data are shown as the mean of duplicate wells.
| Statistical analysis
Continuous variables were assessed using mean ± standard deviation (SD). We assessed for normality using the Shapiro-Wilk test.
Statistical significance was defined as P < .05 (two-sided). Paired t test was used to assess the difference between preoperative and postoperative albumin levels (normally distributed), and Wilcoxon matched-pairs signed-rank test was used to assess the difference between preoperative and postoperative levels of parameters that were not normally distributed (PCSK9, TC, TG, HDL-C, LDL-C, and non-HDL-C). Spearman rank correlation coefficient (r) was used to describe the linear correlation between albumin and PCSK9. Statistical analyses were conducted using GraphPad Prism version 5 and IBM SPSS Statistics version 21.
| RESULTS
| Study population
The baseline demographics, select comorbid conditions, and concurrently used medications of the study population are summarized in The change in each lipoprotein category is demonstrated in waterfall plots in Figure 1 . There was a statistically significant decrease in TC, LDL-C, HDL-C, non-HDL-C, and TG.
| Lipoprotein response to surgical stress
| PCSK9 response to surgical stress
The mean presurgery serum PCSK9 value was 442.9 ± 162.9 ng/mL, and postsurgery, the mean measured PCSK9 adjusted for hematocrit was 262.9 ± 121.2 ng/mL. The change was statistically significant at P < .0001 (Table 2) .
When analyzed individually, serum PCSK9 decreased in 30 of 39 patients, did not change in one patient, and increased in 7 of 39 patients postsurgery (Figure 1 ).
Albumin decreased postsurgery (P < .05), which is in keeping with previous studies 26 ( Table 2 , Figure 1 ). There was a positive correlation between the absolute changes in albumin and PCSK9 (r = 0.4688, P = .0027).
| DISCUSSION
The main finding in our study is an early decrease in plasma PCSK9 in response to surgical stress. As expected, there was also a significant decrease in TC and LDL-C, which is in line with previously published work. 4, 28, 29 Published work on the response of circulating PCSK9 to acute stress is limited to measurements made a longer time after the onset of acute stress than in this study. Those studies demonstrated an increase in PCSK9 levels after stress, which is the opposite of our finding. In animal models, Feingold and colleagues showed that injection of LPS into mice led to an increase in hepatic PCSK9 mRNA expression. 21 Zhang et al induced acute MI in rats with ligation of the left anterior descending artery and found an increase in plasma PCSK9 concentration. They found that the level peaked at 48 hours.
22
In human studies, Le Bras and colleagues found a twofold increase in plasma PCSK9 between 36 hours and 8 days after suffering multiple trauma. 23 In patients with heart disease, it was shown that PCSK9 was increased in acute MI, 3-5 days after onset of chest pain. 24, 25 Similarly, in human studies of ischemic stroke, it was found that PCSK9 increased between day 1 and day 7 after the stroke.
30
We assessed PCSK9 within 24 hours of onset of stress, a mean of 6.5 hours after the induction of anesthesia, whereas other studies have performed so between 24 hours 24 to about 8 days 23, 25 after the onset of stress. To our knowledge, this is the first study to demonstrate a decrease in plasma PCSK9 after acute surgical stress. PCSK9
circulates in 2 major forms, the full-length form and the furin-cleaved truncated form. 31, 32 The ELISA assay from CyClex Co (Japan) used in our study measured both forms, that is, total PCSK9. The 4 studies in humans mentioned above used either the same CyClex kit or the Quantikine ® PCSK9 ELISA kit from R&D Systems, Inc., which also measured total PCSK9. Thus the discrepancy between the decrease in PCSK9 in our study and the increase previously reported does not result from measurement of different forms of PCSK9.
The significant correlation between the absolute changes in PCSK9 and albumin, a well-recognized negative acute-phase reactant that decreases soon after surgery, 26 suggests that PCSK9 may also be a negative acute-phase reactant. Our data, when seen against the rest in the literature, raise the possibility of a biphasic PCSK9 response to acute stress. This can be clarified in future studies with serial poststress measurements. Further studies are also required to demonstrate whether changes in circulating PCSK9 are responsible for lipoprotein changes observed after surgical stress.
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